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7]^ ^E-lsq-, ^» Jf-a^ eflo|*i ^ai^ *)12 ^^l^V ^ ^l^l ^ *fll ^ 

^ Sj-^-g; S^SRr ^H^S iW^., €^ £ ^12 ^K^i*} <H2fl°lfe ^1 °1 ^ ^°fl 

tfl«fl ^ES. UUsM eflo]^ *io] oi A >4 ^^-g: °l-§-tjH ^ v 

# ^^^A]7l^ ?}^- ^ tt^. S^tb 4# WDM SL^^- 

5. A}-g- 7>^1& 4*fl^ ^-g- vfl^^ #33- ^ JL 

[diss] 

S. 1 

eflo]^ ^01^.= , F-P 
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^efloll- ^ ufl^ 4^-^^ 2.1- ^ n ^12:^ { Internal 
wavelength locker module with photo diode array and method of manufacturing the same} 

3fl^l^ ^£o]4. 

£ 2^ 50GHz FSR-i: F-P fJ^rSM: FSR £Sr 3 

H 3^r F-P 8°S. li^}^ ^-f *M*I w ^ ^1^ 3 3.* W 

S. 4a ^ £ 4b^ 50GHz FSR* £fe F-P 8°S H^}&* ^-f *H ^-^r 

^S^rS!* ^ °H1 4^ *H 4^ ^Sj- M-El-xflfe ZLEfl^oln}. 

£ 5tt «V^tr ^Hi Sltr ^^^r °1» ^ 

o>^^- ^*h§: ^^*>7l ^tb H^°li=r. 

c 7 o. eflol^ ^oj F-P ^ ^ iS. tfolSL= 
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*V 47l^ 3L^7\7}x]$-7\ ^M1°H, 100GHz °l*r^ ^ #^HHtt Sj-^-ol^s}- 

7l^-o] ^^>7ll Jl^*}. o]e^ ^ofl xfl^ A] 

<22> ^Hflo]]^ i])o}^$^ ^^.m. <^fl eflsjeii ^ 7>i(reference 

absorption gas), n^H ^ (grat ing) , SM^H ZL ^ ( f i ber grating), 
F-P(Fabry-Perot) ^ ^ cf<g=^ ^o] AV-g-s)^. o]^a\ ^ *fl^ o}^ 
DWDMCdense WDM)# t=- ^ 3^I3°H 

p_ P ^E^l- A>-g-s}fe « 0 V^olcf. ^7fl^H 7flt€ 4^^^ 2-*^ ^HMH ^£tt 
cfls* 20~50pm 7$ 5.3- 100GHz *fll£ WDM ^-g-^t ^ ^H^r. ^ 

e-iM-, cfl w-^o] 2.1- ^Bfls ^AjsH SZ^-H-S. aI^o] -a^tr 7^5 

<23> f-P ^Ell- °l-§-^: sl-^^^lfe- ^3. DFB(distributed feed-back) 3H*1 4°! 
S.E.(Laser Diode:LD)^ sH^g- o>^s|- ^cfl a}-§-sH^ #tf. U)°] 4^ 
I TU-T( international telecommunication union-telecommunication) HB] ^(gr id)°fl sH 1 " 
# oy^^}7} $|tr ^ «o v ^°ll^ ^llM-tetalon) ^S. ^ (tilting), oflW 

€^ £2. ^5r«- ?fl^^ (cavity) £3-, tfSl ^(piezoelectric 

actuation)^: 7l7fl*iSl ^ 3 ( C avi ty) zJ°l^ 7>*i ^ ^o] 01^4. 0} ^ofl 

Ai 7)^S] DFB tM-SLS.^ ^3. ^ *m »^<& °fl!M-§- Sf-tr 4^^^ 2- 

!-§■ TEC(thermo-electric cooler) $H tr 21-^ £r2 **fl 4^ 

^Al^tf. ol nfl s^Vo] 3§£.^ cfl^ 0.1nm/°C S.^ , 100GHz FSR(free spectral 

25-7 



1020020074013 #3 ^*}: 2003/2/20 

range) ^^Hfe- 10 °C °>3MH 4^ °>33* 7l^g- ^ t= SaS^f. nam, 
vfl^ 5r^>^5r o}4 ^ £.5. ^s}-!- Jg.^. 3^1-0] (tuning) 7]^-g- 

<24> 2L*V, ofl^ z]-£l- ^ (tilting) t)"- 0 -^-*! j^-fr ^ Wj-^^- 

#°>3j3M Efl- 2:71 4£ 8° 5. ^•Bfl^l^i ^ 0.01° 5. H^th 0 -^*! 0.05nm 

<25> ^ ^oj ol- J7^> ^ 7 ]#3 ^Mlfe, ^^^>7fl ^ 

Ei ^ SScfol^.^ ^^(tilting)f--a^ tiU> ^--g-^ #o1jl ol 
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«o V ^ 31 °H «J-g- ^A]^ ^1 ^X\±,x}^, ^71^ Ej-^S] efl oi^ ago] ^ sj- 
^ #^ 4#-§- ^H-^l- i^l^l, ^ ^ *fl2 %^4i7} o^H^ 

3H*1 *H1 Cfl^fl ±^ 2$5L£. U^SM 3M*1 ^Z}- o. 0 -| 

<&^S|- SL^-s] ^S«J-^-^ ( TE c $H eflo]^ rfo]o.^. ( a^I , «j i#^Ei ^ % 
^^7}1- 2:^Kr ^Tfl, TEC 1- t^^^l 2)1 71^1 $H ^H?Rr #7%, Z]]o)x\ z)-o} 
^o\] $17}*H ^M^lfe ^ ^ TEC ofl ^Itb £r51*lH *H, 

t= tijo] t^V-|- £U|E^ 75}^ ^E| ^ ^12 ^efl°l7> T&^Q A^ti. P>^E 

<28> WDM 5E^ A)i^oflA^ A}-§-S^ S^V ^ 

# ^ o>^^ ^ofl ^tb ^A^i Cf^fl^ SR 1 " 7>«1 ^ s}-^- o>^^l- 

AflS.^ 2.^ ^ Sfl7l^i; ^^W. 4^-°^^ Si- ^S^H l^l* J f" 

°J4 7 -i v ^^-i- 7l^ §-^1^^- ^ iiq-. o]e^ ^-^^m 

nfo]c>c =o] ^ ^ oiji, ^e^ F-P ^Ei(Fabry-Perot filter)7> wl^^t}. 
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<29> eflo]^ 4olO.ro] Jr^ofl til i^Ei, S) $ *1^?1 

(collimator), F-P €^ , S-^Ei ££ tfo] ^(monitor photo diode), £1 i=t°1.2.H. 

A r-8-*r^r 5.^1 Sl<H F-P ^Ei<4 is t^o] o.5i o^o] l-^o] z^-c ^ wj. 

tt y o v ^^r *r-§-tr4. s-VM-^ F-P ^E^sf is tM_£_T= oleflojs. ^q.^ ^ 

S $H JL^tr 3 #^-5f*>^ IS. o_c o]z]]o] JjL«.o} i£ cfo]^.c S F-p 
1- ^4tr £}€r^ °l-8-*W 4« WDM ^#3* W 

<30> o}?>} ! ^Jf^ %V2-^^ £ g-Tgofl 4€- 4^-^*!: ^H* #>*flS}7fl ^^*> 

^3)7} t^ofl 7l#5]^ ^ 0^4. 

<3i> J£ i£ ^*HH W %^±.x\ 5fe vfl^ 4^ 

S^S) 2fl7l*l ^J^ltf. 0 ^^^.S 147fl SI g±r tHEi#E]-ol sfl^^ 

(132) xflofl elH*i (Laser Diode:LD)(100)7l- a^p>o.e( 10 2) Jflofl 01 

3H*i tH £.=1(100) ^^.S^ 5flol^7> (coupler )(108)» 

^-fMl ^1^711 £4. SEtr Ell °1 ^ cHj2-=(100)^ ^ a J"f^£ a J°l M-^dl 
°1» °l-jMM #31 3* 7l^-ir ^^^>7ll ^cf. 2fl°l^ cfol^c 01 « 0 v^o.s^ 

efl °1 ^1 ^> Al§7l(collimator)(110)» *2f*>^^i # Tlel^ elH^ hi ol ^ 7}^} 

25-10 



1020020074013 #3 2003/2/20 

7fl *1 §71(110)1 wi i#slEKbeam splitter)(112)# *4*>^^ ¥ 

£-71 5)^1, tr ^ (monitor) 3£S. 4 0 1^-^(116)1 €*fl 31 

o]^ *m-Sr S.v|El^ ^>7ll £131, ^ F-P ^ El (122) IS 4°1^ 

'<H^I°1(126)* ^4*H 3H*i ^KH 2.^3*8 ^rf. F-P ^B|(122)fe- 

<32> eflolx-1 Cfol^c (100)> A] §71(110), ^#3(108), °J ^1"^EK112) f-^ 

-g-^ £5.1- ^^*>7ll -f^l^M 31*H TEC( thermo-electric cooler)(104) 
<f| wfl^lsl^l, TEC(104)7V ^511 -R-^l^M ^slH^ A^liEKthermistor)(106) 
Q ^1 ^tr^. 3H7i ^ ^> «°l7l $)n ell^l^l ^1^ «J-^1 *M 

F-P ^Ei(122)<4 IS rfo]^.c ol 5flol(i26)« A^S, fi^^HM, ^^SLS- A 

£7> ^^^717} 4°^*1 10° 3. H^tf. IEtt 3H*1 ^} 

#o] 7) 3}f$\ ^>ol#ellolEi(isolator)^^r ^>-g-^ elH^ ^2) cfl 
Sfl F-P ^Ei(l22)$l- cfol^.= ^ efl ol (126)1- ^3 7 -l£S. €^^1 ^ 
oil}. Al, w>^§>7im 8°S ^ (tilting) *M1 -g-ClsMl ^>7l 

cr| eflo]^ cfo] o_H-g- *\2L n}^E( 10 2) ^ F-P ^ ^ i£ 4°1^^ ^ sfl o] -g- ^a. 
^E(l20)7> AV-g-^Cf. SE*h SqEl IS cfol^.c( 116)£ A^ti.n}^E( 114 )ofl 

A}-g-s}r4. ^3Vo] fils-sl tHEi#el-ol 3fl7l*l (132)^1 ^ sj)^ *t-£ 

si- <2H<H(wi re) (130)1- ^>-§-*Hl 
<33> o] *V 4 A-| tj_ D}^§f ^ S-^ 5.^5}- *H *fl*}-*)- ojf ^ S-^ofl # 

^is\±r "^SLS. £ ^<>\} Sltr vfl#«g sj-^g- *\}^lk 5^. Sfe zj- 
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eflo]^ cM.SLS.aoo), ^1^71(110), ^#eKl08), «J ^#3^112), IS cM_2.i= °1 
eflo](i26) ^ S-lr^l ^ #3-*Rr £ ^ ^H Vt § 

4* C V oj-^sj. ^s^- ^£ z| a^ji n}*] ^ -2.-&S1- *M *ll^r 

^ ^o_ t a-] tL p>£J=^- 7l^-§- o|-g-*M *M^S 7}^-§: f-^fl ^ 

z}- a.7l ofl ^-Tfl sfl^ ^S}7lM-, *(trench)^r 7>^M ^ ^1 

<34> cflsf^ol #31 S-l- ^ TECC104) £H 3M7i 4°1^-^(100)1- I^t 

Z}- o. gjj^ ^ol^c^. W.P>^H(102)^^ ^|ofl 2:^*V ^ TEC(104)* tfl^i 

1-BM 3ifl7lxl(132) i^H ^^Ml o] Aj-EIHH Eflol7-1 cM^naOOH <^^r 

o] 7 ^|.^ ^A^Jr}. ZL^Jl *«<H *H M-^TT 4#lr S-M 

E-) ^ ^£ cfoj^c <^eflol s-s-^- ^-SV^M ^Itr^-. °H IS ^MiS. <Hell 

o-| M.3-o] o^^. 2\^9\- Q^tr ^1 7i5H^ 3l*Hr 3l*lS Jl^SlTfl IS A 

°1_2JE. <H3M Ir^-i: ^ a] ofl-^Al i§-°l ^ ^-(adhesive) #H , ^YKsolder ) , 31°1t1 
laser welding) ZL^M^Q. t= 

<35> £ 2^r 50GHz FSRCfree spectral range)# 3Hr F-P ^£^(122)1- z}-;£S *g 

^(tilting) FSR ^ ^5L» 44^^ nefl^olcf. ^J^ojiL F-P ^ 

(122)^ «J°1 ^Eiofl cflsfl ^3]o.S ^Ay^-g- ^-fSl *H3-5M 5d4. 

M. ^-ig^A^ ^o] aVA> £^ #o]7l ^|^fl F-P €3 (122)1- 7l^-ol^| s]^ 7 }-gr°] 
^ z^o]) o.^ FSR °1 ^*M ^7] FSR^^ ^ ^Tfl 

^- ^r^^l ^^^l^^l^iSr ^7] 4^ 8°S ^^*>7lS Tj-f^ 
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F-P ^4(122)# afl^ 3t -£* 1^453-8: €*Kr FSR°1 "^^ll TflAV 

alWH 0 ) #4. 8°S. €^4$^ ^-f 50 GHz FSR & 44^ F-P ^4 

(122)* afl44-ja4 ^ ^-fofl^ tfol SJ44^ 49.51-49.52 GHz FSR 

* ^ F-P ^4 (122)1- *fl2H5><*|<>) *Vcf. 
<36> 2 3£r F-P €4» €^4551^: elM4 y J 4 

H^ol4. eflol^ cfol^.= (ioo), Al §71(110), F-P ^Bi(122)7V wfl*14°1 5&j1, 3H*i 
hio] f-P ^4(122)<H|4 #44 °1 eflo]^ tq-ol^c( 100 )ofl 2 1 t4 0: l 5)^1 2>2^- 

^ z|n f 8 o S «5>^4. oH 4§7l(110)4 F-P ^4(122)4 *J°lfe 3.6mm°14. S. 1 
2*1^ 44 ^ol ^4 4^4 # ^*HHH 4-g-^ 2.1:4 4 Jf-g-4 ^1^1 
o]-g-sH ^4 24 ^4 4°°liAS 1^4^ ?H 4^44. ^. 

e-m-, 1^4 42^r ^§714 F-P ^4 (122)#4 43, 4^4(110)4 ^ ^ £ 
^oll 44 y>^ ^ &4. 
<37> £ 4a ^ £ 4bfe 50GHz FSR-i: 5fe F-P l^t 1i^45!l^ *H1 -2-47} 

1^455l-§: ^ °H 4€- 4^ #4 ^-£1 44^tt :zsflHoin}-. 2 4a^ 2i4 s£ 
^ ^1-2 8°<>fl4 0.1°^:4S. *\)z]7\ ^1 44^, ^ 4b^r 0.01° 414 

7} ^-^-1 44^ Jl &4. £ 4al 4^4^ 0.1° #4 5. °\}z]7\ 1^4551 -§: ^ o. 

o,]^ ^ o]^-o] 714 2 4b» ^4# 0.01° #45. ofl&|7> ^345$* ^-T-^fl 

4 0.05nm ^24 4# °1*°1 ^3:4. °ll 4^5. 0.01° F-P €4(12) 

1 ^^^-0.5.^1 4*<KH4 4# #4 Jl41 2* t ^4. ^, fi^ 4£1 8°°I14 
0.01°^ §7>a1^ ^^oil^ £ 4b ofl s.a]^V aV4 #4# ^^-^ #°14°1, #413. 
0.01°*! ^Al^ ^^Ml^ #4# ZtSLS. #3#^ ^°14^r ^-8: J1S14. °1tt 
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3^7] 1^ 8°7^<^V 7lcfl^; ^ Mole}. 0.1°^S- ^-^7]- ^ 

W$-§r ^-f°fl^ ^sj- ^§£7> ^efl 4^ $1*1 a)- y l*tb 3*l*}7fl £)°1 ^S- 
2] 3*1 31*13 ofle^ cg^o] ojrf. 

< 38 > £ 5fe ■& *^£1 4^3] *V ^Aloflofl f^Jix} ^efloji- g& tfl^ 

9jy§3* 2.1- ^ ^^*>7l ^tb TEC(104) 3H*i -2.^.(100), 

Al§7l(110), fj i#BWll2), F-P ^ E 1(122), I£ ^HiLH. ^eflol(126) f-°l «11*1 
3<H 551^-. 3M*I tfol^.£.( 100)1- ^r^H ^^17171 ^«fl ^ ^l^EK 106)1- 

o]^H ^r£« #*1*>^, TEC =efo]tH(504)# ^£7> ^ ^^Hl -fr*|£|JE. 

tbcf. Z]]o]7.] t\o]^EL(100)3.^] ^ w o H^S. M-^r SIM a) *1^7l 

(collimator)(110)» ^U, H J ^«^U12)» *JM*1 a J°l 

^ «o v ^S. ^-7l^nf. oj*V*l o_S. 50:50 U-g- ^l^-u)-, ^<HHfe ^3 4 

7l« J1^*H 70:30 ^71^ ti >^^4. ^, eflo]^ 30% ^ S. 

S. tfol^s. (106)5. ^MMl £M 70%^ F-P €^(122)» ^4*H £1 
o]elH (126)3. %^>7fl ^t}-. ZLficfl F-P ^Bl(122)«lH 3= 10% <>H3 £^°1 ^SfrXI 
s|5.S. I£ cfo^c olellol(126)^ H^Hr ^-gr ^ 60% ^§S.7> £tj-. n|-eH 

S.qEi I£ cM-2.c( 106 )oi #^£r i£ nfoio,^ c>leflol(i26) *Vol ^>«i 

<39> «-(500)^ H-i-lEl 3LJL tq-olic(i06)«fl^^ £1 4°l-°-^ <H^I°1 

(126HHS1 B-^eI^^-jl, ^H<0x» eflol^ cfol^jB ^el-olul(502)sl <>m 

AlJlS. Sl^att sH Efl o] ^ cfol^c( 10 0)Sl ^ 9V^^- Al7l7fl ^Cf. ^H«. 
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(500)^ OP ^(Operational Amplifier) ^SLS, ^44 ^ SlirHl, 3H*| 4°l-£-^4 
#^ 444 £.*H| 4€- 4"!r» 3144°} OH- z])o]^ Cfoj^c c^ol^cH] ojej 

a1^o_3.*1 elM^ 4°l-2-^4 s^Kg. i^aIjQt}. 
< 40 > s. 6-& Al^7l# ^§-44 3l°l*1 ^4 ^ 444tt ^.eflSojrf. M. 4^4 

4434 4*HH o}*v o) ^ o. Al§7l(110)S H. B ] p_p ^Ei(l22) i44°14 71^^ 
3.6 mm °H , °1 F-P 4^(122) S4 4*1 ^ 4 13.16 m ^S. 4*1^ 4 

Jf-SH 4 &4. 444 13.16 p t 3.6 mm i 4¥4 y J 434 4^( 
4 0.2°^H<y-a: 4 *r &4. °1^4 44^r 4-§-4tt ^1^^1(110)^1 44 4^ 
5E4 x\ §71(110)5.^- E^fil ^ Tie! 3« 3s4| 44 4 = 4. 
<4i> £ 70. 5gqg$.<3 e||olx-l «34 7iS.d\] F-P 44(122) ^ II 4°l-2.^- ^eflol(i26) 

1- 4*H^ nfl 444 ^444 44» 44^tt :£4°14. 31°14 4°l£-^4 ^4-° 
4#4 ^1^71(110)1- Tl^l ^ F-P 44(122)-!- ^-4*H IS 4°1^-^ 

^3M(126H H44t11 sl^^l , 4 3E.S. 4°l^o11 ^44^ 3H4 h]^ 43. 4^- 

oj A >4^ ^Ml €4. 4°l^.s. <H2fl°l(i26)# 4-8-4 ^ 4 is 4°1^ 4^1 

5. 7°\] £44 «>4 ^-ol 444 4°l^-^-5.44 4 O.lnm ^£4 44 €°1 1. 

4# 7lcfl^- ^ 44. 4^4 443 tr 44 01^ 50/^, x 200#m 3714 IS 
4ol-2-^l- 47fl 4-§-4^, 4 5££ 4°l-2-^ 4 434 20/an, 60/an, 20/zm 4 %°] 44 
^144. oi^Tfl 4 4°1^-^ 4 43^1: 4=^1 4^4 °14Hr 4^ 4^4°11 4*11 

4 I£ 4ol^.£L 4 44 4°1 43°1 O.lnm ^£7> 5)£S 4*M^ f ol^Tll 4 

5.4*1 is. 4°1-2.h. <H3H 1-4 4*1 ^14 444 A*>7> IMSbHs. i£ 4°1^- 
h. <H31°1(126) 1-4 44 Ml 7fl4 S£ 4°1^-H. ^ 4 7fl^ 44fe 44°fl 4*1*M1 
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^1^(126) O.OP^S. ^ 4^ ^^-1- °1 = C H°> *>tt ^3 -§-£- 

^ ^ QA. ^ ^1 $-*\A ^^-s\K)£\-5. <>MH(126) -M 

9l£\ & 7fl^j i£ t^-o] ££fe fl*H ^Mi s)<H ^ tflc^ Ti^l: £M1 € 

4. 

^■91^ s[ £t ^ ^ ^l^f, eflol^ «J4 w 0 v%M] <y;g 7_| £S ^ 
^1^11 ol-g-tfl ^Ei# ¥4#4 c Hltt SJ^S. ^sH *M1 4 

# ^2)- JL^I- ol-g-^-o.^.^ 4^8" WDM -g-g-^l 3l43 A}-g- 7>^tV 

4*1)^ 4# ^€-8- Vfl^^ 91^^ *\}^ ^ 5^ Jl47> SEtt 

TEC» °l-g-*H $]o]X\ cfo] o.c o) ^ £5}- 8W ^^tb ^rS^H 2lM*l 

^Kr 4# ^fl^l °J:^ A]^ ^ o^Jl, a)7}3, ^ 7>^ ^ Jl47> 5U 

4. 

<43> o]^ ^4 tiV^tb ^*H» ^Ml^>7fl ^^^V^AM-, #7l 

^AHloJl *V^£l^ oWl, £ ^4 71^^ A>#<2] «34^H*1 # ^o 1 " 

4 44^- 7 ^J *H 4*M 7>4 ^^o] 7Br*>4. 
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eflo]^ yjo] ^ * ^°.JL ^#3^- ?SH*1 cM £fe Ml#*§ sj-^-ol^ 

^ ^ >^7] ell o] ^ ti] ^- 3g 5). A] 71 fe- A] §71 ; 

^7)si ^tij-^^1 ^H*1 *r4l*Kr *fll #^1^*}; 

^7} elicit til^ ^Al^ ^2 ^-^Al^xf ^eflol; ^ 

^7l afll ^A]^> ^ Aj- 7 1 ^2 %^A1^> olellolS^-El Ajjrm ol^V 

<^ #7l ell °) *1 4°1 2.2.2} #^ 4^-* ^lH^-« 5L^*>Jl ( 

^71 ^ ^ *fl2 #^1^*} ^IH^ eflol^ tijofl ^ ^ z}2LS. H^^H, 

#71 s-^^ ell°1^ £]^-§: °l-§-*H ^sH^l^r ^J-ir 

^ 1%H1 SWi, 

av 7 | j^e-) ^ ^12 ^ai^ o] efl ol ^ ^<H*> A^jd p>^e ^ofl j^sH 

Slfe 531- ^ 2.3. tfl^MS Sl-^-ol^sl- 2.1- . 

[^^J- 3] 

4 1^1 StM^I, ^"71 ^Vo>^S|. 2f-£r 
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TEC( thermo-electric cooler)* 3.&*\r3L, <#7] TEC 

TEC H-SM^ if-^Kr *>fe- vfl^ Sr^^Sr 21. 

4] 

^7) ^7]9\ ^ ^ 7^7}- 3.6mm ^ nfl 4°^*1 10 o< ?} ^ ifl 
^Hh^S)- 2.1- . 
5] 

^Al^^ 30%, ^-7] 3^3. 70% 7} 5)711 3-71 *rfe ^-g: ifl^ 4^ 

°J:^5r 2-1:. 
[3)^8- 6] 

*)1 1*<H1 Sl^H, ^71 *fl2 ^^1^> 47fl ^ 3LSL clollEtS °l-?-<H 

*lJL, 4 l£ cfol^cs.^ z]-z| 20/zm, 60/zm, 20/zm ^ #3 23. afl^sl^ -^2. 

7] 

^ l^oHl ^7l TlH^ OP <g5. ^ 3H*1 2£L S.2r°ltf|« i^Rr 

3} 1H)2.5. *r$r sl-^^s}- 21-. 
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8] 

xi i^ sj-^-o].^^ 2.1-^ xi^-^h &°h, 

#31; 

#7l TEC 1- al^t^l ifl?l^l 3H1 #3-*Hr #31 ; 

4>7l TEC £:3EXH *H, a oM ell °1 ^ t±o]SL^ ^ sH^g- S.u|e^ 

[33^ 9] 

[^*o V 10] 

XI 9%H1 Si<H>H. ^71 ^JL p>£j=ofl sflit^g. ^^^M-, *§^*H #71 g 

Ei g XI 2 ^Al^> <H3M1" ^*Kr f^'AS f>\±r S-l-^l Xl^U" 
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